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ABSTRACT 

NGC 5905 is one of the few galaxies in which an X-ray flare was discovered by the ROSAT 
AU Sky Survey (RASS). This flare was supposed to have occurred due to tidal disruption of a 
star by the central black hole. In this work we present analysis of multi-wavelength follow-up 
observations made in X-ray, mid-infrared and radio using data obtained from the Chandra 
X-ray observatory, Spitzer and Giant Meter wave Radio telescope (GMRT) respectively. The 
archival Chandra 2007 observations show that the X-ray luminosity in the energy band of 0.5- 
2.0 keV has decreased by a factor of 200 since the peak of the X-ray flare observed in 1990. 
The X-ray image reveals no centrally bright core expected in the presence of an AGN. Diffuse 
X-ray emission lying close to the circum-nuclear star forming ring is observed. The radio flux 
density observed with the GMRT data is similar to the flux density derived using the VLA 
FIRST observation in 1997 which indicates that the radio emission is probably unaffected by 
the 1990 X-ray flare. The archival Spitzer 2006 mid-infrared spectrum shows strong evidence 
of nuclear star formation but does not show any clear signatures of AGN activity. Therefore, 
we conclude, that there is no central AGN in NGC 5905 and reaffirm that the 1990 X-ray 
flare observed in this galaxy was a tidal disruption event and not due to AGN variability. 
NGC 5905 represents one of the few direct evidences that non-accreting black holes exist and 
hence provides an opportunity to study the post-outburst evolution of a tidal disruption event 
in the nucleus of a giant low surface brightness galaxy. 

Key words: Galaxies:spiral - Galaxiesdndividual (NGC 5905) - Galaxies:nuclei - 
Galaxies:X-ray - Galaxies:active - X-rays - radio continuum - infrared radiation. 



1 INTRODUCTION 

NGC 5905 is a barred spiral galaxy (SB(r)b type) at a distance of 
47.8 Mpc (z=0.011 and Ho=73 km s~' pc"'). It is classified as a 
giant low surface brightness (GLSB) gala xy because of its low sur- 
face brightness disk tKenlLl985. : .Spravberrv et al.ll995b . Like most 
GLSB galaxies, t he HI disk is very extended and relatively poor 
in star formation jvan Moorsellll982h even though it is interacting 
with the nearby gjdaxy NGC 5908. This interaction has resulted 
in the formation of extended spiral arms and a bar in the galaxy 
center. This galaxy also has a relatively bright bulge and shows nu- 
clear star formation. Optical observations in Ho- of the nucleus of 
this galaxy reveal a circum-nuclear ring of star formation of r; 1 kpc 
in diameter (Mazzuca et al. 2008; Comeron et al. 2010). 

Active Galactic Nuclear (AGN) activity in late type galaxies 
such as GLSB galaxies, is relatively weak in comparison to the 
activity observed in other early-type galaxies (Ho 20081). Recent 
studies of large LSB galaxies suggest that they lie below the M-cr 
correlation for bright galaxies ( Pizzella et al. 2005) . X-ray observa- 
tions reveal that these galaxies do not follow the usual radio-X-ray 



correlation JDas et al.ll2009l) and indicate that probably the central 
black hole (BH) masses of these system are lower than the masses 
of their counterp art in other normal galaxies (iRamva et al.ll201 ll : 
iNaik et al.l2010n . The lower mass of the central BH is probably due 
to the fact that there is not enough gas infall towards the nuclear 
regions of these galaxies to fuel the growth of the super massive 
black hole (SMBH, Norman & Silk 1983). Gas infall is triggered 
by disk perturbations such as bars and spiral arms but these fea- 
tures are difficult t o form in LSB galaxies because of their massive 
dark i natter halos JMaver & Wadslevll2004l ; iKuzio de Narav et all 
l2008l : IWalker et al.l2010l) . 

ROSAT All-sky survey (RASS) discovered an X-ray flare in 
NGC 5905 in 1990. During the X-ray flare the soft X-ray lumi- 
nosity reached a peak of Lx ~ 6 x 10"" ergs s"' (assuming an 
absorbed powerlaw spectral model with Nu = 1.5 x 10^" cm"^, 
a power law index of 4 and distance 47.8 pc) and decreased be- 
low 9 X 10"^° er gs s"' within 5 months of the X-ray outburst 
JBade et alj|l99a ). Very few cases of X-ray outburst s of variabil- 
ity amplitude greater than 80 have been observed dDonlev et al.l 
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Table 1. Details of Obsereational Data 



Bin Time: 5000 s 



Wave- 


Instrument 


Date of Observation 


Exposure 


length 






time 


X-ray 


ACIS-S 


2002-10-04 00:47:57 


9.980 ks 






2007-06-07 09:26:01 


44.95 ks 






2007-06-09 01:50:39 


26.95 ks 


Radio 


GMRT 1278 Hz 


Iune2011 


2 hours 




VLA FIRST 


May 1997 






VLA 8 GHz (archive) 


November 1996 


45 min 


IR 


Spitzer/IRS 


2006-01-16 13:46:48 


SH 30s X 2 cycles 
LH 60s X 2 cycles 




l2002l:lEsquei et al.l2007l:ISaxton et al.l2012al:lMaksvm et alboioh. 



Follow-up X-ray observations using ROSAT and Chandra show 
that the X-ray luminosity of the galaxy declined as L^. oc r^'\ 
as expec ted iii the event of tidal disruption of a star near the cen - 
tral BH dReejl 19881 ; Ikomossa & Bad3l 19991 : liMpem et aljbooj) . 
Using the stellar veloc ity dispersion i n the bulge of NGC 5905 
(a- = 174.6 ± 9.0km/s ' Ho et alj[200 ?) and the Mbh - cr calibra- 
tion jGiiltekin et al. 20091 . the calculated mass of the nuclear BH in 
NGC 5905 is Mbh ~ 10^ Mq. This is consistent with the upper limit 
of Mbh = 10* Mq derived by ass uming that the 1990 X-ray flare 
was due to tidal disruption of a star (IHalpem et al .120041) . Hence the 
nucleus of NGC 5905 may have a SMBH of mass not greater than 
10' Mq, which is the upper limit for black hole masses observed in 
LSB galaxies (S.Subramanium et al. 2013, in preparation). 

Ground based optical observations of NGC 5905 classi- 
fied the nucleus as an H II or starburst galaxy ( IGiuricin et al.l 
1 199(1 lHoet~aLll 19951) . However, post-outburst Hubble Space Tele- 
scope/Space Telescope Imaging Spectroscopy (HST/STIS) obser- 
vations of_this_source_£lace it in the low luminosity Seyfert 2 cat- 
egory JGezari et al.ll2003h . However, they neither found any broad 
Balmer line emission nor any direct evidence for a non-stellar con- 
tinuum in the observed spectrum. They also could not explain the 
observed emission lines as due to photoionization of clouds sur- 
rounding the central BH illuminated by the soft X-ray flare ob- 
served in 1990. This raised some doubts about the origin of the 
X-ray flare, whether it is due to tidal disruption of a star by the 
SMBH or due to variability in the low-luminosity Seyfert nucleus. 
Thus it is important to establish the nuclear nature of NGC 5905. 

In this paper, we analyze multi-wavelength observations of 
NGC 5905, to understand and constrain the nuclear properties of 
the galaxy. Only few cases of tid al disruption events in non-active 
galax i es have been discov e red (Bower et al.l 120131 : lEsguei et al. 
20121 : ISaxton et al.l l2012bl : ICappelluti et"Zl f2009f : Icezari et al. 
20091120081) . Detecting stellar disruption events due to the tidal field 



of a quiescent black hole is one of the few methods by which we can 
probe non-accreting SMBHs in the nuclei of galaxies. Otherwise, 
AGN activity is generally used to study SMBHs in distant galaxies. 
In § 2 we give the details of the multi-wavelength data used in this 
work and its analysis. In § 3 we present the results of our analysis 
and their implications and finally conclude our findings in § 4. 



2 OBSERVATIONS AND ANALYSIS 

2.1 Chandra X-ray observations 

NGC 5905 was observed using the Advanced CCD Imaging Spec- 
trometer (ACIS) on bo ard the Chandra X-r ay telescope in 2002 
(Obs-Id: 3006 used in iHalpem et all l2004h and in 2007 (Obs- 



Figure 1. The first and second segment of the above light curve were ex- 
tracted using data from Obs-Id 7728 and Obs-Id 8558 respectively. There is 
no detectable vaiiability during these observations when the dithering eifect 
is taken into account. 



Id: 7728, 8558). Table[T]gives the details of the observations. Some- 
times large flares are detected in the ACIS background light curve 
and if such flares are detected during the observation then data 
recorded during the background flares should be filtereqj. During 
the 2002 observation, large flares were detected in the background 
light curve and filtering out these events resulted in a total usable 
exposure time of only 3.2 ks. Furthermore NGC 5905 was not de- 
tectable in the image extracted from this filtered data. Hence we 
do not use Obs-Id 3006 for further analysis presented in this work. 
No background flares were detected in the ACIS background light 
curves extracted from the 2007 observations. 

Chandra data was used to extract (a) the X-ray light curve 
of NGC 5905, (b) the image of NGC 5905 in two X-ray energy 
bands, (c) the X-ray spectrum of the central region and (d) the im- 
age of diffuse X-ray emission. We first examined the source light 
curve for X-ray flux variability using the Chandra task glvary. The 
source light curve extracted using glvary takes into account the 
variability due to dithering and optimizes the bin time for the light 
curve accordingly. A quick look at the light curve shown in Fig- 
ure[T]shows no count rate variability. From the results of glvary 
we find that the probability that the observed signal is variable is 
0.2 and the variability index is implying that no variability was 
observed during the 2007 observations of NGC 5905. 

Since the source flux did not vary during the two observations 
of 2007, we merged the events obtained from both the pointings and 
made a combined image of NGC 5905 with better statistics in two 
energy bands namely 0.5-2.0 keV and 2.0-7.0 keV. Before merging 
the events, we matched the aspect solution of Obs-Id 8558 to that 
of Obs-Id 7728 using an X-ray point source in the field of view 
located at RA: 15: 15: 18.254 and Dec:+55:32:53.71. Since both the 
observations have similar pointing offsets of 0.005', the shift is very 
small, ARA = 8.63 x 10"* deg and ADec = -1.52 x 10"' deg, cor- 
responding to a physical shift in x-direction of -0.06 pixels and in y- 
direction of -0.1 1 pixel. After reprojecting the events to a different 
tangent point using the matched aspect solution, combined images 
in the two energy bands were extracted using the task fluximage. 
Figure |2] shows the image of NGC 5905 in the two energy bands. 
No central peak near or at the location of the optical center is seen 
in either of the X-ray images and NGC 5905 is hardly discernible 
above the background in the (2.0-7.0) keV energy image. 



Chandra memo for ACIS background flares 
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Figure 2. Image of NGC 5905 in the energy band 0.5-2.0 keV (left panel) and 2.0-7.0 keV (right panel) is shown. No centrally bright pixel is 
seen in either of the images. The circle marks the region from which the X-ray spectrum is extracted. 



Table 2. Parameters of the X-ray spectrum model 



Model 



Nh 



(10-^- 



Component I 
Norm 
photons cm"^ keV" 



Component II 
kT Norm 

keV 



dof 



c-x(0.5-2 kcV) 
erg s"' 



Lxa-l kcV) 
erg s"' 



wabs(pwlw+bb)'' 
wabs(pwlw)° 
wabs(bb)* 
wabs(bb)* 



7,0.48 
"■"-0.38 

67° -"' 
-0.25 

0.17 
0.015 (fixed) 



-, 9g2.01 
^■^^-1.85 

6 79^'" 
"■"-1.71 



7.34^-^*, xlO-' 
3.87'^«5XlO-5 



0.04 „|n-2 


2.965*g2XlO"^ 


12.79 


11 


(3.2±0.3)xlO" 


(7.1±4.8)xl0''' 


- 


- 


25.74 


13 


(3.1+0.3)xl03'' 


{1.05±0.09)xlO" 


0.17 


4.33x10-' 


31.44 


13 


3.11x10''' 


2.48x10" 


0.22 


1.90x10-' 


35.41 


14 


3.06x10" 


7.81x10" 



' Fixing the Nh value to the Galactic Nh = 1.5 x 10 cm gives a bad fit with;;'^ > 2 

' Reduced x^ is greater than 2 and hence no uncertainties on the fitted parameters can be calculated 




Energy (keV) 

Figure 3. The X-ray spectrum of NGC 5905 extracted from the region 
marked in figure |2] along with the best-fit model (black curve) and the x 
residuals (lower panel). The model consists of an absorbed powerlaw (red 
curve) and a blackbody (blue curve) component. See Table |2]for the model 
details. 



The spectrum of NGC 5905 is extracted from a circular re- 
gion of 3.5" radius, shown in Figure |2] We extracted the spectra 
and responses separately for the two pointings and then co-added 
them to get a final combined spectrum. Corresponding background 
spectra were extracted from a source free region on the CCDs. The 
spectra and corresponding responses were extracted using the task 



specextract and coadded using the task combine_spectra. We 
grouped the combined spectrum such that each energy bin has 15 
counts. Figure|3]shows the spectrum of NGC 5905 with the best fit 
model. 

To derive the diffuse emission in NGC 5905 we used the 
field of view of CCD-Id: 7 and included only events in the en- 
ergy band of 0.5-7.0 keV. First, sources in the field of view were 
detected using wavedetect and then separate source and back- 
ground region files for the detected sources were created using 
roi and splitroi. The source count rates were replaced by cor- 
responding background counts for each source region and an im- 
age for each pointing was created by dmfilth. Images and expo- 
sure maps, thus created for each pointing, were combined using the 
tasks reproject_image_grid and reproject.image. The com- 
bined diffuse emission image was first exposure-corrected and then 
divided by the exposure map to produce the required flux image. 
We detected weak, diffuse emission near the nucleus of NGC 5905. 
The peak emission has a value approximately 14 times the back- 
ground emission and this emission lies close to the circumnuclear 
ring of star formation, as shown in Figure |4] where the contours 
of the diflFuse emission are overlaid on the Ho- image which is 
obtained from the A tlas of Images of NUclear Rings (AINUR, 
IComeron et al.l2010l) . 

2.2 Radio observations 

NGC 5905 was observed during June 2011 in radio continuum 
at 1280 Hz using the Giant Metrewave Radio Telescope (GMRT) 
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Figure 4. The Hor map taken from the AINUR atlas is plotted in gray 
scale. Overlaid on this map are the contours of the X-ray diffuse emission 
smoothed over 4 pixels. The contours are So" to 1 lo" times the noise level in 
steps of lo". 




-50 
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Figure 5. The figure shows the contours of radio continuum emission 
at 1280 Hz overlaid on the 3.6 micron IRAC near-infrared image of the 
galaxy. The contours are 5,10,15,20 and 25 times the noise level, which is 
0.12 mjy/beam. The beam is elliptical and is 5.38" X 2.21"; it is shown in 
the bottom left comer. The radio emission is concentrated about the nucleus 
within the small but bright bulge in the galaxy. 



located near Pune, India ( JAnanthakrishnan & Pramesh RaduOOlh . 
Nearby radio sources, 1438-1-621 and 3C 286, were used for phase 
and flux calibrations respectively. NGC 5905 was part of a larger 
survey of LSB galaxies and hence had a two hour scan. The data 
was obtained in the native "Ita" format, converted to FITS for- 



mat and then analyzed using AlPqJ. We obtained the 8 GHz radio 
data from the VLA archive. These observations were done during 
November, 1996. For this data, 133I-I-305 and 1510-1-570 were used 
as flux and phase calibrators respectively. The 1.4 GHz image that 
we have used was taken from VLA FIRSTlj; observations made 
during May, 1997. See Table[T]for more details. 

We analyzed the radio continuum emission from NGC 5905 
at the frequencies 8 GHz and 1280 Hz. For frequency 1435 Hz, we 
used the FIRST image. The 8 GHz VLA archival data was analyzed 
using AIPS but no source was detected and hence different resolu- 
tion m aps were not ma de. These observations were also analysed 
earlier ( IKomossa & Dahlem_2001.) and a similar non-detection was 
obtained. 

The GMRT 1280 GHz radio data was iteratively edited and 
calibrated until satisfactory gain solutions were obtained using 
standard tasks in AIPS. NGC 5905 was imaged used IMAGR; we 
made low resolution (robust 5) and high resolution (robust 0) maps. 
However, since our aim was to compare our GMRT flux density 
with the FIRST image (which has a beam of 5.4" x 5.4"), we fi- 
nally used the GMRT robust map whose beam is similar and has 
a size of 5.38" x 2.21" (Figure|5}. We convolved the GMRT map 
to the FIRST beam size i.e. 5.4", using the AIPS task CONVL. 
The GMRT convolved flux density is 9.1 mjy. At all resolutions in 
the GMRT maps, the emission has a strong core but no extended 
structure; the source structure and flux density are similar to that 
of the FIRST image, whose compact source has a flux density of 
8.95 mJy. The NVSS map has a flux density of 20.1 mJy which 
is significantly higher than both the FIRST and GMRT maps. But 
this may be due to its larger beam (45") which picks up more of the 
extended diffuse emission. 



2.3 Spitzer mid-infrared observation 

The mid-infrared data were retrieved from the Spitzer archival 
spectroscopic observations (Program ID: ig-a02120 140, PI: A. 
Zezas) obtained with the infrared spectrograph (IRS.l Houck et al.l 
[20041). The observations were taken with the short-high (SH) and 
long-high (LH) modules covering the spectral ranges 9.9 - 19.6/jm 
and 18.7 - 37.2/jm, respectively. The slit width was 4". 6 for SH 
and 9".0 for LH. The observati ons were reduced as described in 
detail bv rPereira-Santaella et all (2010). 

A high-resolution mid-infrared (mid-IR) spectrum of the nu- 
cleus of NGC 5905 was extracted using the IRS data. Figure |6] 
shows the plot of the IRS spectrum. There is no indication of 
any presence of the [NeV] lines at 14.3 and 24.3 yum in this spec- 
trum. The 11.3micron PAH feature is detected and the measured 
value of the equivalent width (EW) of the feature is ~ 0.8yum. 
This value is typical of (high metallicity) sta r-forming galaxies (see 
iHeman-Caballero & Hatziminaogloull201lh . 



3 RESULTS 

3.1 Change in X-Ray Luminosity 

The nuclear region of NGC 5905 is clearly detected in the X-ray 
and radio image of the source. The best fit model to the X-ray 

^ Astronomical Image Processing System (AIPS) is distributed by NRAO 
which is a facility of NSF and operated under cooperative agreement by 
Associated Universities, Inc. 
^ Faint Images of the Radio Sky at Twenty-Centimeters 
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Figure 6. The figure shows the extracted high-resolution mid-infrared spec- 
trum of NGC 5905. The position of prominent lines are marked on the top 
axis. 



spectrum yields the X-ray flux of the source as /x = 1.5*^0, x 
10"'"' erg s^'cm"^ in the energy band of 0.3 - 8.0 keV (also see Ta- 
ble |2j. We also tried other models, the details of which are pre- 
sented in Table |2] The powerlaw model with variable Nh gives 
a very high value for the powerlaw index. A purely powerlaw 
model with absorption column density fixed to galactic value (Nh = 
1.5 X 10-" cm"-) gives a very poor fit. We also try an absorbed black- 
body model with variable and fixed N^ value but both the models 
give poor fit. Thus even though the soft X-ray part of spectrum (be- 
low 1 keV) is well described by a blackbody model the spectrum 
above 1 keV requires an additional powerlaw component. For com- 
parison, the 0.5-2 keV X-ray luminosity of NGC 5905 during the 
2007 Chandra observations is a factor of ~ 200 less than the lumi- 
nosity observed during the peak of the X-ray ilare in 1990. 



3.2 No type-I AGN signatures in X-Ray, IR or Radio 
emission 

The X-ray image of NGC 5905 (Figure |2j does not show a cen- 
trally peaked source as is expected from an AGN. The nuclear X- 
ray emission is clearly visible in the 0.5-2.0 keV energy band and 
is very faint in the 2.0-7.0 keV energy band. The image does not 
show any bright central pixel about which the source counts de- 
crease, rather the bright pixels are uniformly distributed within an 
almost circular region of radius about 0.05' (~700pc) (see Figure 
O. If an AGN were present in the galaxy then a centrally bright 
source would be expected in the image at both the energy bands 
and the cent ral source would b e brighter in the 2.0-7.0 keV energy 
band image JBauer et al.ll2004l) . 

The IR spectrum does not show any [NeV] lines at 14.3 or 
24.3 yum which are expected if the galaxy hosts an AGN. The 
measured [OIV]25.89/im/[NeII]12.81yum ratio (^ 0.025) indi- 
cates that the nuclear emis sion of this galaxy is probab ly pow- 
ered by star formation (see IPereira-Santaella et al.lBOlOl) . On the 
other hand, the bright 11.3//m PAH feature and the [Nell] line 
at 12.81 yum line indicate that there is high star formation in the 
nuclear region of the galaxy. Fr om the SFR calibration given in 
lOiamond-Stanic & Riekd 120121) based on the [Nell] line we ob- 
tain a nuclear SFR (for a Salpeter IMF ) of 2.3MHyr ~', in good 
agreement with the estimate of Mazzuca et al.l OOOSi) using Ha 
observations. Using the correlations between SFR and the soft X- 



ray luminosity of lPereira-Santaella et al.l(l201 ih we get an expected 
0.5-2.0 keV X-ray luminosity of ~ 4 x 10^' erg s"' consistent with 
the measured X-ray luminosity (see Table |2) leaving no excess X- 
ray emission which can be associated with a central Seyfert 2 type 
AGN. 

The absence of radio emission in the 8 GHz VLA radio map 
also points to the absence of an AGN. The flux density of radio 
emission from AGNs does not fall as sharply with increasing fre- 
quency as star forming regions (lCondonlll992l) . Hence if the com- 
pact radio core was due to an AGN, we would have observed some 
emis sion at 8 GHz as w ell. 

iGezari et J] ( 12003) observed NGC 5905 in the optical using 
the HST/STIS which has a narrow slit size of 0".l and hence de- 
tected narrow emission lines from the nuclear region of the galaxy. 
But they did not detect any broad Balmer line emission. Further- 
more, the spatial profile of the HST acqusition image obtained by 
them also does not indicate any AGN-like unresolved point source 
in the nucleus. Thus no evidence for a type-I AGN is found from 
X-ray, Optical, IR or radio data. We infer that any AGN present in 
NGC 5905 is very weak, as also indicated by a low total X-ray lu- 
minosity (see Table |2j, and rule out the possibility that the RASS 
observed X-ray flare of 1990 in this galaxy was a result of large- 
amplitude variability in the Seyfert nucleus. 

3.3 Change in radio flux density from 1996 to 2011 ? 

To make an accurate comparison of the radio flux density in 1996 
with that observed in 2011, we smoothed the GMRT map to the 
FIRST beam resolution and then used a typical spectral index value 
to normalize the flux densities to the same frequency. We smoothed 
the GMRT robust map to the FIRST beam size (see Section 3.2) 
and then using a spectral index of a = -0.8, which is typical of 
star forming regions and assuming that the intensity varies with 
frequency as 5 K °^ v", we determined the expected flux density at 
1430 Hz. The GMRT flux density scaled to 1430 Hz is 8.31 mjy. 
The flux density in the FIRST 1997 image at 1430 Hz is 8.95 mJy, 
which is then only marginally higher (-7%) than that expected 
from the GMRT 2011 observations. The difference is within er- 
ror limits on their flux densities. Thus the flux densities between 
1997 and 201 1 match fairly well and we conclude that there is no 
change in the nuclear radio emission from NGC 5905. Some mod- 
els predict that radio jets may be triggered by the tidal disruption 
of a star and will giv e rise to a higher radio flux from the nucleus 
JBurrowsetaLlbOllh . In NGC 5905 the tidally disrupted star that 
could have produced the X-ray flar e is estimated to be relatively 
small in stellar mass ( iLi et al.ll2002h . Thus even if a radio jet had 
been launched, the emission due to such a jet may have been weak 
and would have decayed significantly by the time the FIRST obser- 
vations in 1997 were made. 



3.4 X-ray flare - signature of tidal disruption of a star 

There has been a lot of analysi s in the literature regarding the origin 
of X-ray flares from galaxies (lKomossall2005h and it is fairly clear 
now that either AGN activity or the tidal disruption of a star by a 
quiescent super massive black hole could cause a large X-ray flare 
like the one observed in NGC 5905. Since we find no clear signa- 
ture of AGN activity in NGC 5905, either in optical, mid-infrared 
or radio emission, we conclud e that the X-ray flare must be due to 
a tidal disruption event (R eeslll988r) . Thus the X-ray flare and the 
absence of AGN activity in this galaxy signifies the presence of a 
non-accreting BH in the galaxy nucleus. 
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3.5 Diffuse X-ray Emission - star formation or tidal debris ? 

We have detected faint diffuse X-ray emission from within the 
bulge, about 2" from the galaxy center. The AINUR Ho' image of 
NGC 59 05 shows the presenc e of a central ring of nuclear star for- 
mation tComeron et al.ll2010f) . Figure |4]is an overlay of the X-ray 
diffuse emission contours on this Hce map. Though there is no spa- 
tial correlation between the Ho- and the diffuse X-ray emission, the 
X-ray emission seen may be due to star formation. Alternatively, it 
could be either the result of the interaction of a radio jet (launched 
due to the tidal dis ruption event) with the interstellar medium 
( IBurrows et al.ll201lh or the throw b ack tidal debris produced by 
a supernova like shell of shocked gas (Kh okhlov & Melial 19961 ). It 
remains inconclusive that which of the above stated scenarios can 
result in the observed diffuse X-ray emission in NGC 5905 because 
of the lack of more photons in the available Chandra data. Deep X- 
ray observations and follow-up radio observations of such X-ray 
flares in galaxies can help us understand the post-tidal disruption 
evolution and confirm whether diffuse X-ray emission is indeed a 
by product of tidal disruption of stars by nuclear BHs. 



4 CONCLUSION 

1. No AGN in NGC 5905 : We have analysed Chandra X- 
ray, GMRT/VLA radio and the Spitzer mid-IR nuclear spectrum 
of NGC 5905. Our analysis suggests that there is no AGN in 
NGC 5905. Hence the X-ray flare observed by RASS in 1990-1991 
is most likely due to the tidal disruption of a star by the nuclear 
black hole. 

2. Change in X-ray Flux : The X-ray luminosity in the energy 
band 0.5 - 2.0 keV in 2007 Chandra data is L^ = 3.2 x 10"" ergs"' . 
This is a factor of 200 less than the peak luminosity of the X-ray 
flare observed by RASS in 1990. But there seems to be no signifi- 
cant decre ase in the X-ray flux from the 2002 Chandra observations 
JHalpem e t al. 2004). 

3. No Change in Radio Flux density : Comparing the FIRST 
VLA observations of 1997 with the GMRT radio observations in 
201 1, we find that there is no change in the radio flux density be- 
tween 1997 and the 201 1 epoch observations. The nucleus was not 
detected at 8 GHz in radio emission, which suggests that the spec- 
tral index is similar to that of star forming regions and not AGNs. 

4. Diffuse X-ray Emission : We detected diffuse X-ray emission 
about 2" away from the nucleus and just outside the circumnuclear 
ring of star formation. The emission could be associated with the 
star forming ring or alternatively it could arise from shocked gas 
which is formed by the interaction of a radio jet, triggered by the 
tidal disruption event, with the interstellar medium. 
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